INTRODUCTION
Anorexia nervosa (AN) is a disorder in which weight loss (at least 25% of the ideal body weight), amenorrhea, lanugo, acrocyanosis, overactivity, and constant motion are physical symptoms (1, 2) . Distorted body image, fear of obesity in spite of extreme underweight, drive for achievement, pursuit of perfection, and fear of failure are among the psychological characteristics (3) (4) (5) .
Considerable experimental evidence shows that central noradrenergic, dopaminergic, and serotonergic systems are involved in the control of eating behavior (6) (7) (8) (9) (10) (11) . On the other hand, it has been shown that starvation can alter central and peripheral noradrenergic function (12) (13) (14) (15) .
Studies on AN have not yet indicated unequivocally a role of biogenic amines (catecholamines and 5-hydroxytryptamine (5-HT)) in the pathophysiology of the disorder. The data reported are confl-ictory and quite often only a limited number of compounds have been investigated. Furthermore, most studies have been done on inpatients who were on a strictly controlled diet. Since this type of patient is very sensitive with respect to their eating behavior, this may have stressed them and thus have influenced the results.
This study was designed to investigate the sympathetic response in AN patients to stimuli occurring in normal life. Therefore, circadian rhythmicity and responses to postural changes and moderate physical exercise were studied in outpatients. Two control groups were included: normal weight and lean healthy female subjects. Since dopamine (DA), 5-HT, and several of their metabolites could be detected simultaneously in the assays performed, data on these compounds have been included. AN patients were hypothesized to have a deviating response to these stimuli, and lean controls to have a response intermediate between AN patients and normal weight controls.
SUBJECTS AND METHODS

Subjects
Ten female patients with AN were selected according to the following criteria:
Age between 18 and 35 years; Underweight: 25% or more below the ideal body weight (IBW) for age and height, according to the Metropolitan Life Insurance Company (16) ; No oral contraception or other medication; Amenorrhea for at least 6 months; Acrocyanosis, lanugo; Distorted attitude toward eating, food, and weight;
Fear of becoming obese in spite of extreme thinness; No physical or mental illness that could account for the anorexia and weight loss.
All patients were diagnosed by a psychiatrist and underwent an interview. They met the diagnostic criteria postulated by Feighner et al. (1) and with those described in the Diagnostic and Statistical Manual of Mental Disorders (DSM III) of the American Psychiatric Association (2). All patients were seen during an acute exacerbation of the disease. None of them used non-prescribed drugs on a regular basis or had a recent history of psychotropic medication usage.
A group of 20 healthy age-matched women were recruited via an advertisement and served as control subjects, 10 women weighing 80-90% of their IBW (the lean control group), and 10 weighing 90-120% of their IBW (the normal weight control group). They had regular ovulatory cycles (indicated by a biphasic basal temperature curve) ranging between 26 and 35 days. None of them had acrocyanosis, lanugo, or distorted attitudes toward eating, food, or weight, nor did they have an extreme fear of becoming obese.
None of the patients or the control subjects was a trained athlete. Patients were the first 10 out of a group of 20 subjects on whom Van Binsbergen et al. (17) (18) (19) have reported earlier, while the lean and normal weight control subjects were the same as those in the previous studies. Alcohol consumption did not differ among the groups (17).
Procedures
The procedures followed were in accord with the Helsinki Declaration as updated in Tokyo, Japan, 1975.
Anthropometry
Height was measured with a wall-mounted stadiometer to the nearest 0.1 cm; subjects were measured without shoes, with their heels against the wall and their head in the Frankfort horizontal plane. Weight was measured on an electronic scale to the nearest 0.1 kg. Subcutaneous fat thickness was measured at four sites on the left side of the body at anatomical locations as described by Durnin and C I. M. VAN BINSBERGEN et al.
Womersley (20) . The sum of the four skinfolds was calculated.
Body density was determined by means of underwater weighing and was performed in a large rectangular tank heated to about 35°C with the subject in the nude. The subject was instructed to expire fully to residual volume in a sitting position before carefully submerging in a supine position (21) . This procedure was repeated 10 times, and the mean of the last 3 measurements was taken as the true underwater weight (22) . Residual lung volume, determined by the helium dilution technique (23), was measured immediately before the underwater weighing with the subject in a sitting position. Body density was calculated without correction for gas in the viscera. The percentage of body fat was calculated according to the formula of Brozek et al. (24) and lean body mass from body weight and percentage of body fat.
Diet
Energy intake, regularity of meals, occurrence of self-induced vomiting, and laxative use were assessed by two trained dietitians. They used a modification of the cross-check dietary history method of Burke (25) . The subjects were asked about their customary diet (in household measures). Afterwards the dietary intake over the last month was crosschecked.
Anorectic and Psychological Characteristics
Anorectic behavior was evaluated by means of the Anorexia Nervosa Inventory for Self-rating (AN1S, 26). Achievement motive (AM), negative fear of failure (FF-) and positive fear of failure (FF+) were investigated with the Achievement Motivation Test (27) (28) (29) .
Collection of Urine and Blood
Subjects collected 24-hr urine in the follicular phase of the menstrual cycle (day 8 or 9, control subjects only) in two portions: urine excreted during and immediately after the sleeping period (nocturnal urine) and urine excreted during the rest of the 24-hr period (diurnal urine). Urine was collected in polythene containers. Samples were delivered the same morning at the hospital, volumes were measured and aliquots were stored at -20°C.
Blood was drawn from a heparinized (2.5 U/ml) 20-gauge catheter (Quick-Cath, Travenol, Ireland) with a three-way stopcock (Robinet 3 Voies, Vermed, France) inserted into an antecubital vein. Blood samples (2.5 ml) were collected in tubes containing EGTA (4.5 mg) and reduced glutathione (3 mg) and cooled in melting ice. Plasma was separated by centrifugation at 1750 x g and 4°C and stored at -80°C. Blood aliquots for the analysis of lactate were deproteinized with perchloric acid. The supernatants were separated by centrifugation and stored at -20°C.
Posture and Physical Task Load
Postural changes and physical task load were investigated in the morning between 10.00 A.M. and 12.00 noon at a random day of the menstrual cycle (in the case of control subjects).
First the effect of posture on plasma catecholamines was studied. To this end, each subject had to remain supine and to sit and stand for 15 min in a randomized order. At the end of each period, venous blood was drawn for the determination of norepinephrine (NE), epinephrine (Epi) and DA.
Tnen, the response to physical work load was investigated. For this purpose, the subjects pedaled for 10 min at a rate of 60 to 80 revolutions per min on an electromagnetically braked bicycle ergometer (Lode-HL-600R, Lode BV, Groningen, Netherlands) at an intensity of 1.5 W/kg body weight. Heart rate was monitored continuously by an ECG with CM-5 lead positions. Venous blood samples were drawn after 0, 2, 4, 6. 8, and 10 min of exercise for the determination of NE, Epi, DA, and lactate.
Biochemical Analysis
Free catecholamines (NE, Epi, and DA) in plasma were determined radioenzymatically as described by Odink et al. (30) . Lactate in whole blood was determined enzymatically as described by Olson (31) .
Free and total catecholamines and salsolinol (SAL) in urine were determined with high-performance liquid chromatography (HPLC) and electrochemical detection (ED) after acid hydrolysis (total catecholamines and SAL) and a one-step sample clean-up on a weak cation exchange resin (32) . Conjugated catecholamines were calculated by subtraction (total minus free). Free vanilmandelic acid (VMA), 3,4-dihydroxyphenylaceticacid (DOPAC), 5-hydroxyindole-3-acetic acid (5-HIAA), and homovanillic acid (HVA) in urine were determined with HPLC and ED after a one-step sample clean-up on Sephadex G-10 (33), and total 3-methoxy-4-hydroxyphenylglycol (MHPG) in urine with HPLC and ED after hydrolysis and extraction (34) . Free normetanephrine (NM), metanephrine (M), 3-methoxytyramine (3-MT), and 5-HT in urine were determined with HPLC and ED after a sample clean-up on a weak cation exchange resin followed by chromatography on an anion resin (Odink et al., unpublished) .
Creatinine and urea in urine were determined with kits (Nos. 124 192 and 773 484, respectively) from Boehringer Mannheim (Mannheim, FRG). Sodium in urine was determined with an ion-selective electrode.
Statistical Analysis
The data on general, anorectic, and psychological characteristics and on excretion of biogenic amines in 24-hr urine were investigated with one-way analysis of variance (ANOVA) with group as factor. The data on excretion of biogenic amines in diurnal and nocturnal urine were expressed per mol creatinine to adjust for differences in duration of collection period and then investigated with two-way ANOVA (split-plot) with group, time, and their interaction as factors, and with subject as block. Based on the distribution of their residuals, the ANOVAs for several variables were performed on log-transformed data.
The data on postural changes were investigated with two-way ANOVA (split-plot) with group, posture, and their interaction as factors, and with subject as block. To investigate the effects of steadystate exercise, the linear regression coefficients of the blood parameters against time were calculated for each subject. The values obtained were then analysed with one-way ANOVA with group as factor.
RESULTS
General Characteristics
General characteristics of the subjects are summarized in Table 1 . The three groups differed highly significantly in weight, body density, sum of skinfolds, energy intake, variables calculated from these variables and ANIS, AM, FF-, and FF+ scores. For height minor differences were observed between the groups. Excretion in 24-Hr Urine Table 2 summarizes the results for excretion in 24-hr urine. Significant group effects were observed for NE, Epi, DA, 5-HT, NM, M, 3-MT, VMA, and creatinine, the lowest values being found for the patient group, the highest for the lean control group. Although the group effect was not significant, patients showed a lower excretion of MHPG than the lean controls (p < 0.05).
Circadian Rhythmicity
The data on circadian rhythm in the excretion of biogenic amines and metabolites are summarized in Table 3 . Because the data are expressed per mol of creatinine to adjust for differences in duration of collection period and because creatinine excretion was much lower in AN patients (Table 2) , the data presented in Table 3 reveal group effects different from those shown in Table 2 . To avoid confusion, no p values for the factor group are included in Table 3 .
Excretion of free NE, Epi, and VMA was higher in diurnal than in nocturnal urine, whereas the opposite was found for the excretion of DOPAC. Significant interac- tions between group and time were observed for conjugated NE, conjugated DA, total SAL, free 3-O-methylated amines, and free HVA: in general, the lean controls showed a higher excretion of these compounds in diurnal than in nocturnal urine, whereas the opposite was observed for the normal weight controls. The AN patients showed an intermediate picture.
Posture Table 4 summarizes the data of plasma, NE, Epi, and DA levels of the three groups at different postures. Plasma NE levels were highest in the patients and lowest in the lean women, while no significant differences between the groups were observed for Epi and DA levels. Sitting and standing caused a highly significant increase of NE and DA, but no change in Epi was found. There was no significant interaction between group and posture, indicating that change in posture did not cause different effects in the groups.
Physical Task Load
The data on the response of plasma NE, Epi, DA, and lactate to physical task load are summarized in Table 5 . Two patients were not included in the statistical analysis: one patient stopped pedaling after 2 min since she was too emaciated and lacked the energy to continue, while another one showed an extremely high increase of NE (3 nmol-l^-min" 1 ). Bicycle ergometer exercise caused a linear increase of NE, Epi, and lactate in the three groups. DA did not change significantly. Although the AN patients showed a considerably higher increase of NE and lactate, the effects were not significant due to the large variability of the response.
DISCUSSION
Compared with other studies on biogenic amines in AN, our study reports a relatively broad profile of compounds. This offers the possibility to detect differ- " nmol/l. 6 Standard error of the difference between the means of different groups {df = 54). c Standard error of the difference between the means of the same group (df= 54). 6 Interaction between group and posture. ences between groups that might have been missed otherwise. Furthermore, it may provide indications on the site of possible defects, since the catabolism of catecholamines is site-dependent (35) .
Although experimental evidence is fragmentary, it is generally assumed that ingestion of food products containing biogenic amines and caffeine interferes with behavioral studies on catecholamines and 5-HT (35) . Also, ingestion of sodium chloride and protein influences the metabolism of biogenic amines (36) (37) (38) (39) . The data on sodium excretion (Table 2) do not suggest a group difference in sodium intake. The observed (non-significantly) lower urea excretion suggests, in accordance with the lower energy intake (Table 1) , a lower intake of protein in the patient group. The possible effects of these dietary factors have been discussed elsewhere (40) .
To avoid dietary influences, most studies on biogenic amines in AN have been done with inpatients on strictly controlled diets. However, both hospitalization and imposition of dietary restrictions may induce stress and thus influence catecholamine metabolism, especially in AN patients, who are very concerned about their eating behavior. Furthermore, AN patients who are willing to be hospitalized and willing to follow a prescribed diet may constitute a special subgroup. To exclude the influence of these potential biases, this study was done with outpatients and no dietary restrictions were made. However, the latter and the lack of control on correct 24-hr urine collection may have increased variability.
Studies on AN are hampered by lack of a proper control group. We assumed that this problem could be solved by including a group of lean subjects. This assumption was supported by the results of previous studies. Food preferences and aversions and variables of the nutritional status did not differ between both control groups (17, 18) . Similar observations were observed for gonadotropins and sex hormones, although for some of the variables the lean control group showed intermediate values (19) . However, several observations in the present study cast doubts on the correctness of this assumption. For the amines and their metabolites showing significant group effects, major differences in mean values were observed between the AN patients and the lean controls, but not between the AN patients and the normal weight controls (Table 2) . Furthermore, for the variables that showed a significant interaction between group and time, major differences in circadian effects were observed between both control groups (Table 3) .
A generalized explanation for this unexpected difference between both control groups is bound to be speculative. The results presented in Table 1 show that it is unlikely caused by differences in anorectic and psychological characteristics. It may be due to a difference in life-style. Perhaps the lean controls were more active and underwent more sympathetic activation in daily life, as suggested by the higher NE and Epi excretion in urine. We think it is unlikely that the difference was caused by dietary factors. The energy intake of both control groups did not differ significantly (Table 1) and there were no indications of differences in food preferences and aversions (17) . Anyhow, the results do not support our hypothesis of a (linear) relationship between underweight and metabolism of biogenic amines.
Our data on NE in urine and (venous) plasma (Tables 3 and 5 ) seem to be contradictory. The mean values for urinary excretion were lowest for the patient group and highest for the lean control group, whereas the opposite was found for the concentrations in plasma. In interpreting this finding, it should be realized that venous NE is a poor indicator of peripheral sympathetic activity (41) , since changes in arterial NE are blunted in venous blood due to extensive removal of NE in the forearm (42) . Due to the lower lean body mass of the AN patients (Table  1) , the removal of NE in venous blood will be reduced, thus causing higher (venous) plasma values. On the other hand, the lower lean body mass may also account for the reduced urinary excretion of NE in AN patients, since skeletal muscle is one of the major sources of net production of peripheral NE (43, 44) .
Several investigators have reported reduced urinary excretion of MHPG in AN patients (45) (46) (47) (48) . In our study no significant group effect was observed, although urinary MHPG excretion in the patient group was significantly lower than in the lean control group (Table 2) . This discrepancy may be caused by differences in patients included: Biederman et al. (49) reported a reduced excretion in AN patients with symptoms of major depression, whereas patients without these symptoms showed normal values.
Few data have been published on acidic metabolites. As in our study (Table 2) , VMA excretion has been found to be reduced in AN patients (48, 50) . The data on HVA are inconclusive: both reduced (46, 50) and unchanged (48) values have been reported. For DOPAC and 5-HIAA, unlike the data presented here, reduced values have been found (50) . As far as we know, no data have been published on excretion of free catecholamines, 5-HT, NM, M and 3-MT, and of conjugated catecholamines in urine.
The observed lower values for urinary excretion of catecholamines in the patient group (Table 2) do not necessarily indicate an impaired sympathetic activation. As discussed above, the lower lean body mass in the patient group may account for the reduced urinary excretion of NE. With respect to the significant group effect for Epi, it should be realized that the mean values hardly differed between the patients and the normal weight controls. In a way, it can be argued that the lean controls showed a raised urinary Epi excretion. The reduced urinary DA excretion in the patient group may partially be related to the lower protein intake.
The differences between the groups in urinary excretion of free NM, M, and 3-MT follow the same pattern as that of the corresponding free catecholamines. For the urinary excretion of conjugated catecholamines, no significant group differences were observed. So far, we have no explanation for the differences in urinary 5-HT excretion between the groups. It is well known that urinary excretion of catecholamines and of several of their metabolites exhibits circadian and/or diurnal rhythms (40, (51) (52) (53) (54) (55) . The results presented are not indicative of a disturbed circadian rhythm in AN patients. For the excretion of free NE and Epi, no significant interaction between group and time was found. It was significant for the excretion of several metabolites but, again, in these cases the significance appeared to be caused by the values of the lean control group or by the difference in circadian effects between both control groups.
The results with regard to plasma NE in AN patients in supine position are inconsistent. Earlier studies have reported reduced values (46, 56, 57) . However, more recent studies report normal values (58) (59) (60) (61) , while in our study raised values were observed. Hardly any data on plasma Epi and DA are available. Van Loon (56) reports reduced values, whereas we did not observe significant differences between the groups.
Studies on the orthostatic response of plasma NE in AN are also contradictory. In conformity with our results, Pirke et al. (60) report a normal response. However, reduced values have been found as well (46, 58, 61) .
Two studies have been published on the plasma catecholamine response to stepwise incremental bicycle ergometer exercise. Nudel et al. (62) report a reduced response of NE, Epi, and DA in AN patients. Pirke et al. (63) have only reported data on NE and found no difference with a control group. For the interpretation of the results of this type of exercise, it should be noted that the influence of time and task load are confounded and that the catecholamine response is dependent on both (30) . This implies that if the duration of exercise differs among the groups investigated, it influences the effects observed. In the study of Pirke et al. (63) , no differences in duration were observed, whereas in the study of Nudel et al. (62) , no information on this subject was presented.
In our study, the response to steadystate bicycle ergometer exercise was investigated. We did not observe significant group differences, but the NE response tended to be higher in the patient group, especially when taking into account that an outlier with a high value had been excluded. To adjust for differences in body weight, the task load was standardized per kilogram of body weight. However, possibly we would have done better to relate it to the individual maximal aerobic power (30) . The higher lactate increase in the patient group is suggestive of a higher relative work load; albeit, this difference was not significant.
In summary, the results of our study indicate neither a (linear) relationship between underweight and biogenic amine metabolism nor a disturbed sympathetic response to stimuli occurring in normal life, but suggest an altered metabolism (reduced production and removal) of biogenic amines in patients suffering from AN.
